The role of insulin in norepinephrine turnover
Brown adipose tissue (BAT) is now recognized as being a main effector of cold-induced thermogenesis (Foster and Frydman, 1979) and diet-induced thermogenesis (Rothwell and Stock, 1979) .
Thermogenesis in BAT is regulated primarily by the sympathetic nervous system (SNS) (Landsberg and Young, 1984; Giarardier and Seydoux, 1986) . Insulin-deficient diabetes is known to impair thermogenesis in response to diet (Rothwell and Stock, 1981) . The decreased BAT thermogenesis in diabetic animals could be partly attributed to the reduced SNS activity in BAT (Yoshida et al., 1985 (Yoshida et al., , 1987 . It may also be due to a defect in mitochondrial ƒÀ-oxidation and changes in abundance (Seydoux et al., 1982 (Seydoux et al., , 1984 or guanosine-5'-diphosphate (GDP) binding properties (Jamal and Saggerson, 1988) Plasma glucose levels were measured at 1700h once a week, and the dose of insulin was adjusted as followed: NPH insulin was given at a dose of 8 U for plasma glucose levels> 500 mg/dl, 6 U for 500-400mg/dl, and 4 U for 400-300mg/dl. Four weeks after STZ administration, the body weight, food intake and plasma glucose levels were measured. Two days after the measurement of these paramaters, the following experiments were carried out. The STZ(untreated) group was significantly lighter in body weight than the control or STZ(INS) groups (p< 0.001). Food intake was significantly greater in the STZ(untreated) group than in the control group (p<0.05).
However, daily insulin injections given to STZ rats decreased food intake to levels equal to the control. Plasma glucose levels in the STZ (untreated) group were markedly higher than those in the control or STZ(INS) groups (p<0.001).
Pancreatic insulin content was significantly lower in the STZ (untreated) and STZ(INS) groups than in the control group (p<0.001). (Yoshida et al., 1985 (Yoshida et al., , 1987 production of IBAT in 2-day diabetic rats (Shibata, 1987) . In 2-day diabetic rats, tissue protein or cytochrome oxidase activity in BAT were decreased only at 70% of the level of those in the control rats. It is likely that cold-induced thermogenic capacity may be still preserved in 2-day diabetic rats. In our long-term diabetic rats, however, the levels of these parameters markedly decreased to below about the 40% level of those in the control rats. This may have contributed to the impairment of acute cold-induced thermogenesis.
The work of others has demonstrated a marked increase in the sensitivity to insulin induced by cold-exposure (Vallerand et al., 1986 (Vallerand et al., , 1987 Bartness et al., 1986a Bartness et al., , 1986b . Cold-exposure potentiates the effect of insulin on in vivo glucose uptake in BAT at a normal insulin level, and glucose would principally be utilized in de novo lipogenesis as fuel for BAT thermogenesis. In insulin-deficient diabetic rats, however, the uptake of glucose in BAT would be impaired even in cold-exposure.
In conclusion, the present study demonstrates that insulin is not essential in potentiating NE turnover in BAT after acute cold-exposure, but is required for cold-induced thermogenesis.
